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Summary We report a case of an infantile hemiplegia seizure syndrome (IHSS) that
presented with intractable reﬂex audiogenic startle epilepsy which in itself is an un-
common form of seizure disorder. Peri-insular hemispherotomy provided complete
seizure control. Also of particular interest was that this syndrome resulted from an
iatrogenic brain injury sustained during the course of a caesarian section. We review
the different mechanisms of birth injury reported in the literature and, discuss the
physiopathogenesis of the hemispheric damage in this patient. We also review the
literature on ‘‘reﬂex epilepsy’’ as it applies to this case. Intractable reﬂex audio-
genic (startle) epilepsy in IHSS submitted to hemispherotomy has not previously been
reported.
© 2003 BEA Trading Ltd. Published by Elsevier Ltd. All rights reserved.
Introduction
Infantile hemiplegia seizure syndrome (IHSS) is a
descriptive term that refers to unilateral paralysis
noticed in early childhood as a result of various
pathologies affecting one hemisphere before or
at birth. The seizures usually start within a few
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months after birth, followed by hemiparesis which
is noted between 3 and 6 months. The condition
then frequently progresses to reach a permanent
hemiparesis and ultimately to intractable epilepsy.
Often the epilepsy is of a catastrophic nature and,
if not treated early can lead to developmental re-
tardation. Over the years, hemispherectomy tech-
niques for this syndrome have progressively evolved
from anatomical hemispherectomy to functional
hemispherectomy and more recently to peri-insular
hemispherotomy1 and other variants.
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Case report
A 12-year-old boy presented for evaluation of sur-
gical treatment for intractable epilepsy. The child
was born by cesarean section (indication being ma-
ternal preference) with no history to suggest fetal
distress. During the incision of the uterus there was
an inadvertent incision on the scalp of the child
with an underlying injury. The scalp and dural in-
cision were closed primarily. Postoperatively, the
boy had focal seizures and was noted to have left
hemiparesis and an enlargement of the cranial cir-
cumference. CT scan showed a large right-sided
acute subdural haematoma (Fig. 1A). Despite evac-
uation of haematoma, the hemiparesis persisted
and the CT scan (2 weeks after surgery), showed
extensive hypodensity of the right hemisphere with
mass effect and hypodensity of the contralateral
medial frontal lobe (Fig. 1B). With phenobarbitone,
he was seizure free till 6 years, after which he had
Figure 1 (A) CT scan (2 days after birth) showing a large right subdural hematoma with hypodensity of underlying
cortex and mass effect. (B) CT scan (2 weeks after birth) showing right hemispheric and left frontal hypodensities
and correction of midline shift. (C) T2 weighted coronal MRI scan (12 years of age) showing right hemispheric
encephalomalacia with subarachnoid cysts and grossly dilated ventricular system. (D) T1 weighted sagittal MRI scan
showing large perisylvian subarachnoid cysts.
reﬂex seizures with a frequency of 3—5 per day.
The seizures were provoked by sudden unexpected
sounds (never other sensory modalities) and were
characterized by extension of lower limbs and tonic
posturing of the left upper limb. Almost all seizure
episodes were reﬂex in nature except rarely when
they occurred in relation to sleepiness or awaken-
ing. The frequency of seizures would increase dur-
ing periods of stress or intercurrent infections. The
seizures were refractory to Carbamazepine, Topi-
ramate, Clobazam and Levetiracetam. The clinical
examination revealed microcephaly, left homony-
mous hemianopia and spastic hemiplegia with no
useful ﬁnger function, though he could walk and
run. Interictal EEG showed right hemispheric slow-
ing with epileptiform activity over fronto-median
electrodes. EEG tomography using low-resolution
electromagnetic multiplanar tomography (LORETA)
method showed abnormal electrical activity over
the right centro-parietal region (Fig. 2). MRI showed
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Figure 2 Low-resolution electromagnetic multiplanar tomography (LORETA) showing, abnormal electrical activity
beginning in the right centro-parietal region.
atrophy of the whole right hemisphere with cys-
tic degeneration (Fig. 1C and D) and a small area
of atrophy in the contralateral mesial frontal lobe.
Neuropsychological examination showed an over-
all mental age of 6 years. There was impairment
of short-term memory independent of the informa-
tion modality. There was no dissociation between
verbal and visuo-spatial domains, which suggested
thatmost cognitive functions were supported by the
left hemisphere. He underwent a right peri-insular
hemispherotomy. Apart from a few minor sponta-
neous seizures (transient loss of contact) associated
with fever in the ﬁrst postoperative week, he made
an uneventful recovery. The histological examina-
tion of the material from the surgical intervention
showed atrophic cerebral cortex with few neuronal
cells (mummiﬁed or calciﬁed) accompanied by a
dense reactive astrogliosis (Fig. 3). At 1-year follow
up, the child remained seizure free and medica-
tion is being gradually reduced, there was also def-
inite improvement in attention, concentration and
mood.
Discussion
The etiology of the case described here being un-
usual, provided us with a unique opportunity to
study the evolution of the process of hemispheric
damage. At the time of birth, he had a primary com-
pressive injury to the right cerebral cortex from a
large expanding subdural haematoma. In addition,
he probably had a vascular injury, which could be
venous, arterial, or a combination. The changes in
the contralateral frontal lobe may be related to
subfalcine herniation and involvement of the con-
tralateral anterior cerebral artery. This therefore
resulted in a massive involvement of the whole right
hemisphere with consequent cystic encephaloma-
lacia. The development of brain functions thus de-
pended only on the left hemisphere. The combined
effects of intractable frequent seizures, multiple
antiepileptic drugs and hemispheric encephaloma-
lacia explains the signiﬁcant developmental retar-
dation. In a recent survey of brain damage linked
with operative delivery techniques, we ﬁnd that
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Figure 3 (A) Photomicrograph HE 400× showing atrophic cortex with scattered mummiﬁed neuronal cells. (B)
Photomicrograph 250× of immunohistochemistry with neuroﬁlament revealing numerous ghost or mummiﬁed neurons
and axons in atrophic and gliotic cortex.
during recent years approximately 1/3 of the new-
borns were delivered by operative techniques with
a higher incidence of birth injuries.2 However, pen-
etrating intracranial injuries of the head during cae-
sarian section are extremely rare.3 To the best of
our knowledge, this is the ﬁrst case report of hemi-
spheric damage sustained due to a surgical injury
to the baby at the time of caesarian section.
The term reﬂex epilepsy is used to designate a
rare form of epilepsy in which seizures are pre-
cipitated by some speciﬁc sensory stimulation.
The cerebral cortex corresponding to the function,
which induces the epileptic crisis, is thought to
be hyperexcitable.4 Audiogenic reﬂex epilepsy has
two subtypes.5 While the simple type may also be
regarded as startle epilepsy, the complex type (like
music) may have emotional and psychodynamic
factors that play a role in the physiopathogene-
sis. Based on a study of 20 patients with startle
seizures, Chauvel demonstrated that the ictal dis-
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charge begins in the motor, premotor cortex with
rapid spread to the mesial frontal area, parietal
and contralateral frontal lobe.6 The triggering of
these discharges was attributed to the direct pro-
jection of sensory afferents to the motor areas in-
cluding the supplementary motor area. In the case
of audiogenic startle epilepsy, there could be a re-
lay in the primary auditory cortex. The alternate
hypothesis proposed was that the seizures originate
in the supplementary motor area, which may have
been triggered by the proprioceptive input of the
startle reaction to a speciﬁc stimulus (motor, sen-
sory or auditory). With respective to the causative
lesion responsible for these reﬂex epilepsies, star-
tle epilepsy is associated with large cortical and
subcortical lesions whereas seizures triggered by
cutaneous stimuli or movement are due to smaller
lesions near the Rolandic cortex.7 In the context of
infantile hemiplegia, the ﬁrst description of reﬂex
(startle) epilepsy was by Alajouanine.8 Seizures are
typically of high frequency and episodes of status
are also described.7 Peraita described a case of
Rasmussen’s encephalitis with reﬂex (somatosen-
sory) epilepsy who underwent surgery but with only
partial relief.9
Our patient is also similar to these patients as
to the reﬂex nature of the epilepsy. The fact that
only audiogenic stimuli (and not others like visual,
touch, etc.) triggered the seizures, leads us to be-
lieve that the seizures were not only related to
the startle associated with the stimuli, but also
possibly related to a direct auditory reﬂex. The
physiopathogenesis of this seizure could be due
to the large cortical—subcortical lesion rendering
these cortices hyperexcitable. The epileptogenic
cortex was triggered either by direct impulses from
the primary auditory area or indirectly through the
startle component of the seizure mediated through
the lemniscal pathway. The concept of peri-insular
hemispherotomy is based on the principle of min-
imizing brain excision and maximizing the amount
of disconnection so that most of the diseased
hemisphere is unresected but functionally com-
pletely disconnected. During the creation of the
peri-insular window, the white matter ﬁbers from
the whole hemisphere that pass through the inter-
nal capsule are disconnected. The intraventricular
parasagittal total callosotomy eliminates the pos-
sibility of spread of discharges from the damaged
hemisphere to homologous cortices through the cal-
losum. The efferent connections of the hippocam-
pus are eliminated by section of the fornix. The
frontobasal disconnection and ablation of amygdala
with anterior hippocampus removes the possibility
of spread of discharges to contiguous structures
or through the anterior commissure. The discon-
nection of the insula by section at the level of the
external capsule or claustrum obviates the need
for insular resection to prevent insular seizures.
In the authors’ personal experience of around
40 patients with infantile hemiplegia treated with
functional hemispherectomy, this is the ﬁrst in-
stance of audiogenic reﬂex epilepsy. In addition,
in the review of the literature, we have not found
any patient with this form of epilepsy being cured
by hemispherectomy.
Conclusion
Infantile hemiplegia seizure syndrome can present
with intractable reﬂex epilepsy. As in most IHSS pa-
tients with other ictal semiology, the patient suffers
developmental retardation due to the catastrophic
nature of the illness. This case report illustrates the
unusual etiology of an iatrogenic brain injury at the
time of caesarian section. When IHSS is of a catas-
trophic nature, surgical intervention is indicated.
Eradication of seizures by hemispherotomy would
in turn, maximize the developmental potential of
the child.
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